The algal flora of the pools in a subalpine peatbog and its mineral-ground surroundings was examined. Although the water chemistry (pH, conductivity) seemed to be similar in most of the sampled waterbodies, both environments differed considerably both in the composition of the algal flora and in the number of species. Mineral-ground pools had a more diversified algal flora and were especially rich in diatoms.
Introduction
The exceptional nature of the subalpine peatbogs in the Krkonoše Mountains compared with other Central European mountain mires and their similarity to Scandinavian peatlands has been known since Rudolph & Firbas (1927) . In recent decades, scientific interest has extended to the whole summit area above the timberline, where features of arcto-alpine tundra, unique in Central Europe, have been identified (Soukupová et al. 1995) .
Although the algal flora of the Krkonoše Mountains has been studied by several authors (e.g. Lemmermann 1896; Beck-Mannagetta 1926 , 1929 Pochmann 1940; Kalina 1969 Kalina , 1970 Němcová et al. 2001 ), a detailed study of the subalpine mires was performed only recently (Polish side: Matuła 1995; Czech side : Nováková 2002) . However, peatbog pools represent only a small part of the water ecosystems in the tundra zone. Many mire complexes, which do not match the definition of peat deposit (area at least 0.5 ha and depth at least 30 cm), are situated in the area beside large peatbogs. Furthermore, streams, supplied by water from the mires, often form pooland-riffle sequences in their upper courses, in which the pools with slowed-down flow and sides overgrown with Sphagnum are comparable, in part, with lentic peatbog pools. These biotopes were until now neglected in research.
The aims of this paper were 1) to compare the algal flora of peatbog and mineralground pools, and 2) to ascertain the seasonal changes and inner variability of the algal communities in individual pools.
Material and methods
The research was concentrated on waterbodies at Pláň pod Sněñkou (Plateau under Sněñka Mt.; 50°44'N, 15°43'E; c. 1420 m a.s.l.) in the eastern part of the Krkonoše Mountains. Ten pools were sampled, situated along the transect from Úpské rašeliniště peatbog, across the stream pools on the mineral ground, to a small and shallow mire half-way to Luční bouda chalet. Three microbiotopes from each pool were usually sampled on each sampling date: "benthos" (surface sediment), "metaphyton" (water squeezed from submerged mosses) and "plankton" (samples from an upper part of the water column). The "plankton" samples were taken only from pools at least 20 cm deep. However, even the deepest examined waterbodies were too small to contain euplankton; it was tychoplankton, in fact. The samples were collected monthly in vegetation seasons (beginning of June -end of September) 2002, 2003 and the first half of 2004. On several dates, drying-up disabled sampling of pools or at least some microbiotopes in them. These circumstances are mentioned in the following list of sampling sites: 1-4. Pools in Úpské rašeliniště peatbog:
1. A small bog lake near the western margin of Úpské rašeliniště, about 10 m in diameter and 50 cm deep.
2-3. Shallow peaty pools, up to 10 cm deep, therefore no plankton samples were taken. In July and August 2003 the depth of the water column decreased to about 2 cm. 4. A pool in the lagg of the peatbog about 25 cm deep. In July-September 2003 plankton samples were not collected due to low water level (10 cm). 5-9. Mineral-ground pools: 5. A pool in a pool-and-riffle sequence in the upper course of the Bílé Labe (White Elbe) river, closest to Úpské rašeliniště. The pool was about 100 cm deep and showed no trend towards drying out. 10. A peaty pool, about 30 cm deep, in a small and shallow mire near pools Nos. 8 and 9, effected by both peatbog and mineral-ground environment. Plankton samples could not be taken in July and August 2003 due to low water level.
Water temperature, pH and conductivity were measured at the time of collection by the WTW pHmeter 330 with the combined electrode SenTix 41, and WTW conductometer LF 315. Information on measured variables and plants forming the submerged vegetation of pools is given in Table 1. Part of all samples was preserved in Lugol's solution a day after collection to provide material for diatom slides or for additional observations, if needed. Most of the taxa were identified directly from fresh samples. All samples were examined within two days of collection for obtaining the abundance values, more detailed determination was completed within three weeks of collection at the latest. The identification was made using standard authoritative references [Cyanophyta: Geitler (1932) , Komárek & Anagnostidis (1999) ; Dinophyta: Popovský & Pfiester (1990) ; Euglenophyta: Asaul (1975) ; Bacillariophyceae: Krammer & Lange-Bertalot (1986 , 1988 , 1991a , 1991b ) -excepting the genus Pinnularia (Krammer 2002) , Chrysophyceae: Starmach (1985) , Kristiansen (2002) ; Xanthophyceae: Ettl (1978) ; Chlorophyta: Komárek & Fott (1983) , Ettl (1983) , Hindák (1996) ; Zygnematophyceae: Růñička (1977 Růñička ( , 1981 ; Lenzenweger (1996 Lenzenweger ( , 1998 Lenzenweger ( , 1999 ; Kadłubowska (1984) ]. The samples in which green coccoids occurred were cultivated on BBM-agar. The diatoms and silica-scaled chrysophytes were prepared according to Krammer & Lange-Bertalot (1986) and Kalina et al. Table 1 . Basic enviromental characteristics of examined pools (mean ± standard deviation), numbers of samples (Smpl.) collected from each pool (total number of samples collected from all microbiotopes within a pool) and total numbers of species (Spc.) (2000) , respectively. For assessment of the abundance of individual species a semiquantitative scale was used: 3 -dominant (> 50% density), 2 -frequent (10-50% density), 1 -sparse (< 10% density), r -rare (1-2 cells (colonies) recorded in a sample). The value "r" was substituted by 0.1 in data analyses and for abundance summation in Table 2 . Some taxa were excluded from all data analyses discussed below. These eliminated taxa include (for numbers and abbreviations following the names, see Table 2 2) species found and determined only from cultures: Chlorococcum hypnosporum R.C.Starr (2b-7.03, 3b-7.03, 4m-6.03, 8b-9.02), C. ellipsoideum 3b, 9b, , Myrmecia bisecta 7b, 6 .03);
3) species determined in TEM: Mallomonas actinoloma var. maramuresensis L.S. Péterfi & Momeu (5p-7.02 (abundant 2), 6p-9.02 (1), 6m-9.02 (1), 7b-6.03 (1), 7m-6.03 (2) (3b-7.03 (1)), Synura echinulata Korshikov (7b 6.03 (1), 9m-6.03 (r), 10p-6.02 (1)), S. sphagnicola (Korshikov) Korshikov (8m-7.02 (1), 9m-9.02 (r), -7.03 (1)); 4) extremely rare species (all records with rare abundance): Chrysopyxis inaequalis Fott (1b, m-7.03, 8p-9.02, 9m-9.02), cf. Chaetopeltis sp. (5m-9.03, 6m-7.02, -9.03, -6.04, -7.04), Chlamydomonas kvildensis 6b, 7b, , Cosmarium obliquum Nordstedt (2b-7.02, -6.04, 2m-8.02, -9.02, -6.04, 3b-9.02, 3m-7.02), C. cf. staurastroides B.Eichler & Gutwinski (2m-9.02, -6.03, 3b-8.02, 3m-9.02).
The relationship between floristical and environmental data was analysed by multivariate statistical methods using the programme Canoco for Windows (ter Braak & Šmilauer 1998) . Detrended correspondence analysis (DCA) was performed to reveal the structure of floristical data. Canonical correspondence analysis (CCA) with forward selection was used to discover the environmental variables most important for the distribution of algal communities. Partial CCA with pools as covariables was used to explore the difference between the microbiotopes within a pool. In DCA and partial CCA the species data were pooled by dates, in other CCAs the data were pooled by microbiotopes. Variations of the environmental variables between peaty and non-peaty pools were tested by repeated measures ANOVA using the programme S-Plus (S-Plus 2000).
Results

Comparison of the algal flora of the peaty and mineral-ground pools
The investigation of the pools outside the peatbog proved to be of great importance for the knowledge of algal diversity in the area. The mineral-ground pools were inhabited by a markedly richer and more diversified algal flora than the pools in Úpské rašeliniště, which until now were the centre of attention for phycologists. From a total of 108 species, 95 species of cyanobacteria and algae were recorded in mineral-ground pools (60-74 species per pool) in contrast to 71 species found in Úpské rašeliniště (51-58 species per pool). The list of species is given in Table 2 .
The first two canonical axes in the results of DCA (Fig. 1 ) explained 21.8% (λ 1 = 0.395) and 6.7% of the data variance (λ 2 = 0.121), respectively. Two groups of samples were differentiated along the first axis: Peatbog pools from Úpské rašeliniště Nos. 1-4 and mineral-ground pools Nos. 5-9. Pool No. 10, with the algal flora influenced by both peaty and mineral-ground environment, was placed in between these two clusters in the ordination diagram. Table 2 . List of species with "total abundance" values (sums of semiquantitative abundance values of the species for the set of samples; pools summed over microbiotopes and dates etc.) in pools (1-10), microbiotopes (p -plankton, b -benthos, m -metaphyton) and sampling dates (from June 2002 to July 2004). Some taxa observed in the study were excluded from this table for various reasons (see methods). Table 2 ). CCA with pH, conductivity and temperature as environmental variables was performed (CCA 1 in Table 3 ). The results were highly significant according to the Monte-Carlo test and pH was proved to have the most significant effect on the algal flora. However, the diagram did not provide an easy survey because the differences between samples from different dates were greater than between the pools. As this part of the study concerned differences between localities rather than in seasonal changes, sampling dates as covariables were used in the next analysis. The results of CCA with covariables ( Fig. 2) clearly separated samples from pools Nos. 8 and 9, in which the highest pH values were measured, and samples from pools Nos. 2, 3 (and in part also from No. 4), which were characterised by high conductivity and temperature values. However, the rest of samples formed a chaotic cluster in the central part of the graph.
The inclusion of the variable "peat" with values 1 -for pools Nos. 1-4, 0 -for mineral-ground pools Nos. 5-9 and 0.5 -for pool No. 10 (CCA 2 in Table 3 ) markedly increased the proportion of data variance explained by tested variables. The single variable "peat" explained the same proportion of variance as the three variables in the previous CCA. The variable pH now correlated with the 2 nd canonical axis separating samples with different pH values within the same biotope (peatbog vs. mineral ground). The Monte-Carlo test (499 permutations) proved the results of all performed CCAs were highly significant, with p-values 0.002 for both the first axis and all canonical axes.
According to the results of ordination analyses, the composition of the algal flora was affected mainly by pH and position inside/outside peatbog. However, two mineralground pools had markedly higher pH than the rest of mineral-ground pools as well as peatbog pools. To find out how much the measured environmental variables differentiate peaty and mineral-ground environment, repeated measures ANOVA was carried out for pools Nos. 1-9. Pool No. 10 was excluded because of its similarity to both biotopes. Surprisingly, the most significant results were obtained for temperature (F 1,7 = 42.3, p = 0.0003), whereas for pH they were only marginally significant (F 1,7 = 4.0, p = 0.085) and for conductivity insignificant (F 1,7 = 3.1, p = 0.122).
Seasonal dynamics and inner variability of the algal flora in the pools
Seasonal dynamics, as typical in lakes or ponds, were not observed. The algal flora in the studied pools was liable to short-term fluctuations, depending on weather changes. The dominant populations were relatively stable and occurred in the locality for the whole duration of the experiment, whereas minor populations were recorded Table 3 . Results of CCAs: eigenvalues (λ), percentage variance of species data and of speciesenvironment relation for 1 st and 2 nd axis and variance explained by environmental variables.
sporadically. However, even if a species disappeared and was not found again for the duration of the investigation, most likely it did not become extinct in the locality but probably remained there in dormant stages, waiting for favourable conditions. A synchronised emergence of some species in several pools (Cryptomonas reflexa, Chlamydomonas kvildensis) would support this theory.
In spite of the species variations in the course of a year, the differences in total numbers of taxa were insignificant in 2002 and in 2004 (Fig. 3) . A drop in algal diversity in the summer of 2003 was due to unusually hot and dry weather conditions. Although no temporal regularity was observed in algal communities as a whole, some patterns could be distinguished in individual species populations: Merismopedia angularis (Fig. 4a) showed a distinct maximum in autumn. Dinobryon divergens (Fig. 4b) and also, to a lesser extent, Chilomonas oblonga and Sphaerellopsis roberti- Fig. 2 . CCA ordination diagram of the samples (each sample represents all microbiotopes on a particular date), best-fitted species and explanatory environmental variables (for the species acronyms see Table 2 ).
lamii displayed summer maxima. (This phenomenon will be explained later.) Many species populations (e.g. Oocystis solitaria (Fig. 4c) , Eunotia glacialis, Cylindrocystis brebissonii, Netrium digitus, Penium polymorphum) decreased during the summer months, which corresponds with the psychrophilic character of the species and the arctic-alpine character of the whole local algal flora. However, most of the taxa displayed no pattern, or occurred in too small amounts to display it. On rare occasions the species population did not vary in the course of the year but changed slowly, regardless of the short-term weather fluctuations (Hyalotheca dissiliens; Fig. 4d ).
Plankton assemblages were low both in the number of species and in their abundance and varied most extensively of all microbiotopes explored in this study. During rainy and windy periods the plankton samples contained few algae and a lot of detritus from the sediment, whereas rich populations of flagellates (e.g. Cryptomonas, Dinobryon, Mallomonas, Chlamydomonas, Peridinium) occurred in the water during fine and warm weather. The plankton was also often occupied by filamentous algae, which originated from benthos, but which due to their high growth rate were able to occur and often dominate in all three microbiotopes.
The preference of a particular microbiotope was noticed also in other algae, in addition to the above-mentioned flagellates. Most of the cyanobacteria, diatoms (except several species of the genus Eunotia), euglenophytes, green coccoids and biradiate desmids (Cosmarium, Euastrum) preferred living in benthos. Metaphyton was dominated by epiphytic species (Dicranochaete reniformis, cf. Chaetopeltis sp.), omniradiate and polyradiate desmids (Netrium, Penium, Actinotaenium, Staurastrum), cryptophytes and several exceptions from the above stated list (e.g. Aphanocapsa hyalina, Oocystis solitaria, Euastrum binale). Some Eunotia species (namely E. bilunaris, E. glacialis, E. denticulata) were found equally in benthos and metaphyton; however, they occurred in markedly higher quantities in the latter. Results of CCA (Fig. 5 ) distinguished plankton as the most distinct microbiotope. Although types of microbiotope explained only a small part of the species variability (sum of all canonical eigenvalues = 0.113), the results were highly significant (p = 0.002).
Metaphyton assemblages collected from different mosses varied too. The samples obtained by squeezing Sphagnum were the richest and most unique, whereas assemblages from Gymnocolea inflata and Warnstorfia fluitans were more similar to the parallel benthic samples. However, the significance of the origin of metaphytic samples was not proved by the Monte-Carlo test in CCA (p = 0.26; unfigured).
Discussion
In spite of the distinct difference between the algal flora of peaty and non-peaty sampling sites, the continuity of the environment could not be neglected. Pools in marginal parts of the mire are influenced by mineral-ground surroundings, mineralground stream pools are supplied by water from peatbogs, and so there was not only the gradient between the two compared environments, but also within them. The influence of the nearby peatbog was evident particularly in the mineral-ground pool No. 5. The ambivalent character of pool No. 10 is already mentioned above. However, distance alone is not of great importance, as it was proved in Nováková (2004) . A bog lake (site No. 1), furthest away from the mineral ground pools, had higher pH values and contained more floristic similarity to pools Nos. 5 and 10 than to any other pool in the peatbog. Úpské rašeliniště is an example of a patterned mire, which is a mosaic of minerotrophic (fen) and ombrotrophic (bog) sites, depending on the height above the ground-water level. The wet hollows are overgrown with poor fen vegetation while hummocks consist of bog vegetation (Jeník & Soukupová 1992) . However, the content of solutes in mire ground water also varies. Not only does it differ between a pool and peat, but a depth of 10 cm in peat also means a dissimilar content of solutes (Ingram 1983) . The largest lake on the Czech side of the border is known to be supplied by ground water with higher nutrient supplies, which is reflected in stands of Carex rostrata Stokes ex Withering and other fen plants in its littoral zone (Soukupová, pers. com. - for this reason the lake was not selected to be sampled in the present study). A similar situation might occur less noticeably in other sites as well, and algae, depending on water even more closely than plants, could reflect the fact that deeper waterbodies have slightly more minerotrophic conditions than shallow ones. Unfortunately, the author did not find any study which would support this hypothesis. Table 2 ).
Although pH and conductivity values did not sufficiently explain the difference between peaty and mineral-ground environment, more detailed study of water chemistry (ion concentrations) in Úpské rašeliniště and its surroundings is desirable. However, such a study can be difficult because of a low content of solutes in mire water, sometimes near the limits of detection or under them, and great variations in the values due to precipitation and evaporation (Nováková 2004, unpublished) .
Temperature best differentiated peaty and non-peaty pools and it affected growth of algae. However, according to the results of CCA, it has an insignificant influence on the composition of the algal flora. Higher temperature values reflected low depth of pools, which was a common feature for peatbog pools. It is generally known that lakes contain a different algal flora than small puddles but as far as I know nobody has explored the question of how the morphology of waterbodies is reflected by their algal flora on a lesser scale. Douglas & Smol (1995) in their study of arctic diatoms found out that a high portion of species data variability left unexplained by water chemistry could be explained by substrate type. The authors ignored poor plankton communities and distinguished three types of substrate: moss (equivalent to metaphyton in this study), sediment (equivalent to benthos) and rock (not present in waterbodies in the Krkonoše Mountains). However, what if such a differentiation of algal communities exists also in finer scale? What if there is also a difference between benthic communities of fine peaty mud and coarser sand and gravel? All three stream pools were supplied by the same water; however, in contrast to pools Nos. 6 and 7 the bottom of pool No. 5 was covered by a thin layer of allochthonous peat from the mire. Other factors influencing the algal flora in pools with similar water chemistry could be the presence of herbivores and whether the pool is permanent or dries out.
Most phycologists collect samples from peatbogs in the course of a year only to record as much of the algal diversity as possible. Only a few have dealt with seasonal changes of the peatbog algal flora. According to Hayward (1957) the population of diatoms in Sphagnum bogs decreased in June and July due to low precipitation, otherwise it showed no meaningful changes. Most likely the samples were taken from sites above the ground-water level, and so this paper was not of much use for comparison with the present study. Duthie (1965) stated that desmids showed a broad maximum in late summer/autumn and a minimum in spring/early summer, and no periodicity was detected in diatoms except for a notable drop in winter due to heavy rains. The changes in these two major groups were reflected in the total algal population and the variations in algal populations did not correlate with any one chemical factor. Łaźniewska (2001) and Lederer (1998) observed maximum species diversity in summer and minimal species diversity in winter, at the beginning and at the end of the growing season, respectively. Lederer (1998) investigated the mountain mires (up to 1200 m a.s.l.) in the Šumava Mountains (Bohemian Forest), whereas other papers mentioned in this paragraph examined lowland peatbogs with a mild climate, which allowed sampling to take place over the whole year. One would expect two groups of mountain mires to be more similar to one another than to bogs in lowland, but a difference of 200-500 m in altitude, an approximately two-month longer duration of snow cover and a slight difference in mean annual temperature (Šumava Mts: 3.0-4.5°C, Krkonoše Mts: 0-1°C) proved to be of great importance in these conditions. On the other hand, poorly developed seasonal dynamics of the algal flora is in accordance with Strøm (1926) , who studied algae in Norwegian mountains (60°N, 800-1200 m a.s.l., annual temperature from -2.5 to -0.5°C) and concluded that "in the mountains of Southern Norway a marked qualitative periodicity, or a succession of associations such as is often the case in lowland localities, does not regularly occur. Only ... the various ephemerical flagellates have periods when they occur, die and are replaced by others" (Strøm 1926, p. 38) .
The fluctuation of plankton communities coincided also with the results of Perman (1961) and Duthie (1965) . Perman (1961) counted 1300 cells in 1 ml of water after a week of sunny weather, but this number decreased to 300 cells/ml after three days of heavy rains. Duthie (1965) claimed that "the plankton of bog water was dependent upon the abundance of the algae in the sediment for its existence, a period of rain or thaw had the effect of drastically reducing the plankton population, which was later replaced from the sediment".
The last statement most likely applied to non-motile algae. Flagellates, which were observed to form dominant plankton communities during periods of fine weather in the present study, alternatively occurred among mosses rather than in sediment. There could be two explanations for this distribution: (i) As the water turbulence strongly affected plankton and benthos microbiotopes, flagellates could use metaphyton to take refuge from the disturbed environment; (ii) a single measurement of temperature in a waterbody about 50 cm deep revealed that temperature at the bottom was about 2°C lower than a standard measurement near the water surface. On the other hand, temperature in submerged Sphagnum mats was about 1°C higher than a standard measurement. Thus, the taxa in question might prefer sites with higher temperature.
The greatest algal diversity in samples of metaphyton is in accordance with Lederer (1998) , who concluded that Sphagnum fringe communities in bog lakes and pools represented the richest algal assemblages in the bogs. Other comments on particular microbiotopes could not be compared, for he distinguished thirteen types of them, including aerophytic ones. In Lederer & Soukupová (2002) these results were summarised into the statement that the pattern mires had the richest algal flora among the types of peatbogs due to their having the most diversified microhabitats. A similar general conclusion, that the richness of algal species correlated with the richness and diversity of microhabitats, was made by Yung at al. (1986) .
